Orthostatic hypotension (OH) is an important clinical sign associated with a number of adverse outcomes, such as falls, syncope, and mortality. [1] [2] [3] [4] OH is highly prevalent among older adults 2 and is considered a potential adverse consequence of hypertension treatment. 5, 6 While OH is defined by consensus as a drop in systolic blood pressure (SBP) of ≥20 mm Hg or a drop in diastolic blood pressure (DBP) of ≥10 mm Hg, 7, 8 an increase in heart rate (HR) of ≥20 beats per minute (bpm) with standing is also often used clinically to represent OH. 9, 10 According to guidelines, OH should be assessed in adults exhibiting falls or postural dizziness 11, 12 to help health professionals determine the necessity of interventions such as volume resuscitation, BP augmentation, or medication adjustment. 13 However, the extent to which cut points used in consensus definitions or in clinical practice related to symptoms of OH is unknown.
The African American Study of Kidney Disease and Hypertension (AASK) trial examined the effects of 2 mean arterial pressure goals (102 to 107 mm Hg or ≤92 mm Hg) and 3 first-line drug therapies on kidney disease progression in African American adults with hypertension and chronic kidney disease over a 5-year period. 14 Throughout the trial, participants were assessed for OH and asked about orthostatic symptoms related to BP treatment, namely, syncope, light-headedness, or dizziness.
We utilized data from the AASK trial to: (i) examine the relationship between components of the consensus definition of OH with self-reported syncope, light-headedness, or dizziness, (ii) characterize the continuous relationship between participant symptoms and components of the consensus definition, and (iii) determine the sensitivity and specificity of components of the consensus definition with regards to orthostatic symptoms. We hypothesized that components of the OH definition would be related to orthostatic symptoms, that the OH definition would demonstrate a progressive, nonlinear relationship with self-reported symptoms, and that the OH definition would be both sensitive and specific for orthostatic symptoms.
METHODS

Study participants
A detailed description of the AASK trial was reported. 14 In brief, AASK participants were self-identified African American, age 18-70 years, with chronic kidney disease attributed to hypertension (a DBP of more than 95 mm Hg and a glomerular filtration rate of 20 to 65 ml per minute). Major exclusion criteria were diabetes (i.e., a fasting glucose >140 mg per deciliter, a random glucose >200 mg per deciliter, or diabetes treatment; this definition was consistent with the contemporary diagnosis of diabetes at the time this study was performed), a urinary protein-to-creatinine ratio of >2.5, malignant hypertension in the preceding 6 months, secondary hypertension, or heart failure. In a prior pilot study that used renal biopsies to confirm the diagnosis of kidney disease, the overwhelming majority of participants screened using the criteria above had renal vascular lesions consistent with the clinical diagnosis of hypertensive nephrosclerosis. 15 
Study design
Between February 1995 and September 1998, 1,094 AASK participants were randomized to 1 of 2 goals, either intensive BP control (mean arterial pressure ≤ 92 mm Hg) or standard control (mean arterial pressure of 102-107 mm Hg), and to 1 of 3 first-line agents: metoprolol (a sustainedrelease beta blocker), ramipril (an angiotensin-converting enzyme inhibitor), or amlodipine (a dihydropyridine calcium-channel blocker). BP goals were met by first maximizing the dose of each participants' drug assignments (based on tolerance and safety thresholds) after which other antihypertensive drugs (furosemide, doxazosin, clonidine, and hydralazine or minoxidil) were sequentially added to their regimen. Participants returned for BP measurements monthly for the first 6 months and then every 2 months for the duration of the trial. Trial participants were followed until 30 September 2001. 14 
Orthostatic hypotension
On the day of the BP measurements, participants were instructed to refrain from caffeine, smoking, and exercise at least 30 minutes prior to and until completion of the BP assessment. Participants were asked to sit quietly for 5 minutes with their feet flat on the floor in an upright, but comfortable posture. With their palm turned upward, the radial pulse was palpated and counted for 30 seconds and multiplied by 2 to determine the HR over a full-minute period. Next, standardized BP assessments were performed by trained, certified observers using a random-zero sphygmomanometer. Three BP measurements were obtained in the seated position after 5 minutes of rest. Seated BP or HR was based on the mean value of the 3 measurements.
Participants were subsequently asked to stand quietly for 2 minutes. After the 2 minutes, the observer raised the participant's arm for 15 seconds and then placed their arm on an adjacent table. Pulse was taken immediately afterward for 30 seconds and multiplied by 2 to convert units to bpm. At 2 minutes and 45 seconds, a single standing BP assessment was performed. OH was defined using cut points established in the 1996 consensus definition, namely, a drop in SBP ≥ 20 mm Hg or a drop in DBP ≥ 10 mm Hg. 7, 8 In addition, we evaluated a clinical definition for OH based on a rise in HR ≥20 bpm. 9,10 These 3 components, SBP, DBP, or HR, were examined individually and in combination.
Orthostatic symptoms
At each visit, staff were instructed to "ask the participant if he or she has any symptoms, " and to ask explicitly about: "loss of consciousness, " "dizzy or feeling faint, " or "lightheaded on standing. " Staff entered a "yes" or "no" based on each participant's response. The exact text may be found in Supplementary Material M1.
Other covariates
Age and sex were ascertained via self-report. Body mass index was derived from standardized measurements of height and weight. Creatinine and glucose were measured in serum at baseline using standard assays. 14 Baseline SBP or DBP was the first recorded BP for each participant after qualifying for the study.
Medications were recorded at each visit in the following categories: angiotensin-converting enzyme inhibitors or angiotensinogen receptor blockers, beta blockers, calciumchannel blockers, diuretics, centrally acting alpha agonists, peripherally acting alpha antagonists, and vasodilators. In addition, number of antihypertension medication classes was recorded and categorized based on the distribution of values as 0-1, 2, 3, 4, or 5+ classes of medications. Medication data were missing for 6,386 participant-visits.
Statistical analysis
Study population characteristics were described using means (SD) and proportions, overall and by quartile of postural change in SBP, DBP, or HR. Generalized estimating equations (binomial family, logit link, exchangeable correlation structure) with a robust variance estimator were used to determine the association between OH definitions and syncope, dizziness, and/or light-headedness. Models were adjusted for age, sex, BP goal assignment, and BP agent assignment. These analyses were repeated in strata of BP goal in sensitivity analyses. These analyses were also repeated with adjustment for concurrent antihypertensive use (both type and number of classes) in the subgroup that was not missing these data (N = 46,268).
The proportion reporting syncope, light-headedness, and dizziness were plotted according to continuous changes in SBP, DBP, and HR determined after going from sitting to standing positions. These figures were also modeled via generalized estimating equations described above adjusted for age, sex, BP goal assignment, and BP drug assignment.
We determined the changes in SBP, DBP, and HR that reflected the 1 st , 2 nd , 3 rd , 5 th , 25 th , 50 th , 75 th , 95 th , 97 th , 98 th , and 99 th percentiles. We also determined the sensitivity and specificity of consensus cut points with respect to participant symptoms of syncope, dizziness, and light-headedness. In addition, we evaluated the association (odds ratio [OR] ) and 95% confidence interval (CI) of every cut point with any of the 3 symptoms. These associations were performed via the generalized estimating equations described above to account for repeat measurements. We also examined alternative cut points based on maintaining a similar population percentile (1 st or 99 th ), a specificity of 99% for any symptoms, or the highest magnitude of association based on a rolling average derived from 3 consecutive ORs.
All analyses were conducted with STATA version 14.0 (Stata Corporation, College Station, TX).
RESULTS
In this population of 1,094 African Americans with hypertension and chronic kidney disease, the mean age was 54.5 (SD, 10.7) years; 38.9% were female. The mean sitting SBP at baseline was 150.3 (SD, 23.8) mm Hg, the mean sitting DBP was 95.5 (SD, 14.2), and the mean body mass index was 30.6 (SD, 6.6) kg/m 2 ( Table 1) . Participants provided on average 48 (SD, 21.4; range 3 to 153) visits for a total of 52,636 visits with both BP, HR, and symptoms assessments. There were 2,810 visits (i.e., 5.3%) meeting at least 1 of the 3 definitions of OH. Characteristics were evaluated across quartiles of postural change in SBP, DBP, and HR (Supplementary Table  S1 ). The only characteristic with a notable trend across categories was proportion female, lower with higher changes in SBP, DBP, or HR.
A drop of at least 20 mm Hg in SBP on standing was significantly associated with higher odds of dizziness (OR 1.87; 95% CI: 1.45, 2.40), and light-headedness (OR 2.03; 1.57, 2.62), but not syncope (Table 2) . In contrast, a drop of at least 10 mm Hg in DBP was significantly associated with higher odds of syncope (OR 3.37; 1.25, 9.13), dizziness (OR 1.90; 95% CI: 1.40, 2.58), and light-headedness (OR 2.03; 95% CI: 1.52, 2.72). Meanwhile, an increase in HR of at least 20 bpm was associated with higher odds of dizziness (OR 1.28; 95% CI: 1.07, 1.52) and marginally associated with light-headedness (OR 1.22; 95% CI: 1.00, 1.49), but not syncope. The consensus definition (based on either SBP or DBP) was associated with all 3 symptoms, while a composite definition based on any of the 3 definitions was only associated with dizziness and light-headedness. These analyses were repeated in strata of BP target and findings were mildly attenuated but similar (Supplementary Table S2 ). In the subgroup with concurrent medication use data, results were also attenuated but similar (Supplementary Table S3 ).
The consensus definition corresponded to the 1 st -2 nd percentile of changes in SBP and <1 st percentile of changes in DBP. The clinical HR definition corresponded to the 97 th percentile of changes in HR (Supplementary Table S4) . When plotted continuously, there was generally no natural threshold corresponding to the definitions with regards to participant symptoms (Figures 1 & 2) . In fact, the proportion reporting syncope, dizziness, or light-headedness trended higher at a positive increase in SBP of about 5 mm Hg, a positive increase in DBP of about 5 mm Hg, and a positive increase in HR of as little as 5 bpm. One exception was HR and syncope which plateaued at 10 bpm suggesting a threshold effect at a value lower than the clinical definition.
We compared the sensitivity and specificity of each of the consensus cut points with participant symptoms (Table 3) . Each of the 3 components had a low sensitivity (1-5%), but were highly specific for symptoms (>96%). Composite definitions, i.e., the consensus definition (based on either BP criteria) or any of the three components (SBP or DBP or HR), increased sensitivity, but decreased specificity. We identified cut points corresponding to the 1 st /99 th percentile, a specificity of 99%, or the largest magnitude of association with symptoms based on a rolling average (3 adjacent cut points). All approaches yielded similar values: SBP of −21 or −22, DBP of −8 or −9, and an HR of 24 to 27 ( Table 4) . Comparison of all cut points for each symptom individually or overall may be found in the Supplementary  Tables S5-S8 .
DISCUSSION
In this secondary analysis of the AASK trial, we examined the relationship of both the consensus and clinical definitions for OH with patient symptoms. While both definitions for SBP and DBP were associated with syncope, dizziness, or light-headedness, the clinical definition for HR was not consistently associated with these symptoms. None of the definitions reflected natural symptom thresholds, but rather they demonstrated low sensitivity and high specificity. These findings suggest that while the presence of OH based on the consensus or clinical definitions may effectively be used to confirm orthostatic symptoms, its absence does not exclude them. This has important implications for the use of OH in practice to evaluate clinical events. OH was originally established by consensus in 1996 (a drop in SBP of 20 mm Hg or DBP of 10 mm Hg upon standing) based on several small physiology studies as well as pragmatic considerations. 7 OH as defined by this consensus definition has been associated with multiple clinical outcomes in observational studies, including falls and motor vehicle accidents. 1, 16 Thus, the consensus definition for OH has established utility in identifying persons at risk for adverse health events. While not formally included in the consensus definition, HR is used clinically to represent OH given the role of HR in maintaining BP with standing. 9, 10 However, comparison of SBP, DBP, and HR cut points with regards to clinical symptoms has not been reported.
Syncope, dizziness, and light-headedness are among the most commonly cited clinical manifestations of OH. 17, 18 These symptoms are thought to result from transient cerebral hypoperfusion in the presence of low BP upon standing 19, 20 and may mediate the relationship of OH with falls long-term. Patient-reported symptoms with standing or clinical events like falls are among the primary motivations for the assessment of OH in clinical practice settings. 13 The identification of OH often triggers interventions focused on volume resuscitation or BP augmentation (e.g., compression stockings, increased fluid intake, cessation of antihypertensive agents, and administration of mineralocorticoids). 13 We observed evidence of a U-shaped relationship between the proportion of symptoms and postural change in SBP, DBP, or HR. Such a relationship has been described with regards to end-organ damage. 21 Whether a similar association is observed for the development of long-term events such as falls or cardiovascular disease should be explored in future studies. A higher risk of adverse events among those with increases in SBP and DBP upon standing could result in null findings in studies where OH is simply considered a dichotomous variable.
Our study demonstrated that while the existing cut points are fairly consistent in terms of corresponding to similar percentiles as well as being at points that maximize their associations with symptoms, the definitions are highly specific with poor sensitivity. Thus, OH assessments performed in response to a fall event among a population similar to our study (African Americans with hypertensive kidney Figure 1 . Association of postural change in (a) systolic blood pressure (SBP), (b) diastolic blood pressure (DBP), and (c) heart rate (HR) with the unadjusted proportion (%) of participants, who report syncope. Relationships were modeled via generalized estimating equations to account for repeated assessments. Dashed vertical lines (gray shade) represent conventional cut points for orthostatic hypotension. Black line represents the probability density. All models are adjusted for age, sex, blood pressure goal, and medication assignment. *P = 0.053. Abbreviations: AASK, African American Study of Kidney Disease and Hypertension; BP, blood pressure; CI, confidence interval; DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure.
a N represents number of visits out of a total of 52,636.
disease) have the potential to miss many cases with underlying orthostatic symptoms. This has important implications for the use of OH in clinical practice in evaluation of clinical events like falls or loss of consciousness where the presence of orthostatic symptoms is unknown (poor medical history, unknown circumstances surrounding the clinical event). While a positive test is useful for confirming orthostatic symptoms, a negative OH test is potentially misleading since it does not exclude orthostatic symptoms. Based on this observation, our findings do not support a higher threshold for OH among adults with hypertension, i.e., a drop in SBP ≥30 mm Hg as advocated in an update of the consensus guideline, 8, 22 as this would make the test even less sensitive with minimal improvement in specificity. This study has limitations that warrant discussion. First, the AASK trial enrolled African American adults with chronic kidney disease attributed to hypertension. Most were middle-aged. While hypertension is strongly associated with OH, 23 individuals with other common conditions related to OH such as Parkinson's disease or diabetes, were excluded from this trial. These exclusions may limit the generalizability of our findings to broader populations as well as to institutionalized or more elderly populations. Second, we did not have information on subsequent clinical events such as falls or fainting episodes. Long-term outcomes play a central role in determining the prognostic value of different cut points and represent an important area for further research as to the definition of OH. 24 Third, symptom assessments were based on self-reported history between visits and while assessed at the same visit as OH measures, they do not reflect symptoms occurring during the active process of the standing protocol. Fourth, participants went from sitting to standing, rather than supine to standing. While this may be a safer protocol 25 and arguably more reflective of daily activity, it is possible that OH was underascertained. 26 Fifth, OH was assessed after 2:45 minutes of standing, consistent with the consensus recommendation that OH be assessed within 3 minutes of standing. While this affords the opportunity to evaluate the consensus definition, we recently showed that earlier assessments of OH within 1 minute of standing are more highly associated with dizziness. 24 Timing is a controversial aspect of OH assessments that warrant further investigation. [27] [28] [29] Future research is necessary to evaluate thresholds at earlier time points. Sixth, the etiology of symptoms in this study was not investigated. For example, whether syncope symptoms were caused by an arrhythmia was not assessed as part Abbreviations: DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure.
of this study. Finally, given our observational treatment of the AASK trial data, residual confounding is always a potential concern. Despite these limitations, our study has a number of strengths. First, the study was conducted in a population with a higher prevalence of OH, i.e., adults with treated hypertension. Second, we have 52,636 paired symptoms and OH assessments, representing one of the largest studies of OH and symptoms, which allows us to comprehensively compare the OH measured definition with its clinical presentation. Syncope, light-headedness, and dizziness are among the most important manifestations of OH, causally related to adverse events with profound impact on quality of dayto-day life. Third, OH was assessed by experienced research staff who were rigorously trained to follow a standardized protocol, which minimized bias as well as imprecision.
In conclusion, components of the OH consensus definition are highly specific for orthostatic symptoms, but also extremely insensitive. Health professionals applying the consensus definition to evaluate clinical events should be aware that the absence of OH does not rule out underlying orthostatic symptoms. Further work is needed to evaluate alternative definitions of OH in relation to long-term outcomes.
SUPPLEMENTARY MATERIAL
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